(related to Introduction and Figure 1 ). The spindle skew and chiral morphogenesis. A. Spindle skew and chiral morphogenesis from a dorsal view. 3D-projection dorsal views of an embryo from time-lapse imaging. Plasma membrane is shown in red (PH-domain of PLC1 fused to mCherry) and nuclei in green (HIS-72::GFP, HIS-72 is a H3 variant histone). Angles  and  are the same as those in Figure 2B . B. Spatial deviation of blastomeres from the midplane. The graph shows the deviation of cells that are part of the midplane during the 6 min interval the plane exists. The plane was calculated from the variance of nuclear positions at each time point in each embryo and the deviation shown is the error in m. Cells from 20 individual embryos are shown, note that when the plane has formed no cell deviates by more than 2m from the plane. C. Protrusion formation and chiral morphogenesis in an uncompressed embryo from a dorsal view. 3D-projection stills of an embryo from time-lapse imaging
Figure S3 (related to Figures 4 and 6). Perturbation of actin dynamics and its consequences for protrusion formation and midline placement
A. Loss of protrusion formation in cdc-42 RNAi. 3D-projection stills, left side views of a wild-type and a cdc-42 RNAi embryo. Plasma membrane is shown in red and NMY-2 in green. Shaded arrows indicate where the apical torus-like structure of ABpl normally appears in wt. Color code as in Figure 3A . B. Perturbations of actomyosin and its consequences for asymmetric cortical dynamics. Cartoon depicting the ABal/pl interface and the distribution of myosin and actin from a left side and crosssectional view, respectively. C. Loss of filopodia in WAVE-Arp2/3 and cyk-1 RNAi embryos. Graphs display the average length of the longest anterior filopodium of ABpl (n=10 for wild-type and 5 for RNAi, mean +/-SD). D. Perturbation of cortical dynamics leads to a failure in establishing an asymmetric midline. 3D-projection stills, left side views, fluorescent markers as in C. Dashed lines indicates the orientation of the midline in wild-type and RNAi-treated embryos, numbers indicate the angle between the midline and the AP axis (n=3, mean +/-SD). E. Components of the WAVE and Arp2/3 complexes in C. elegans and the corresponding genes in higher organisms. F. arx-2 RNAi embryos show extensive ruffling, especially in the AB lineage. 4-cell embryos are shown as 3D-projections from time lapse imaging (left side views). Arrows point to protuberances of AB cells onto EMS that do not occur in wt embryos. G. Depletion of ARX-3 leads to a dissociation of cortical material. Representations as in A; the red arrows mark material that dissociates from EMS and later fuses with P2. Figure S4 (related to Figure 4D ). Dissecting the contact formed between ABpl and EMS/MS 3D-projection stills from time lapse recordings with nuclei and plasma membrane (red) and spindles (green) fluorescently labeled. Embryos are depicted from the left side; the arrow points to the ventral side of ABpl from where a protrusion emerges. An embryo is shown in three different representations: The top panel shows the 3D-projection, the middle panel shows the center-plane of the z-stack for the EMS or MS cell (maximal diameter), and the lower panel shows an overlay of the 3D-projection with the cell borders from the middle panel. Cell borders were segmented manually. Frames 3' and 4' show that the ABpl ventral protrusion does not fill in the EMS furrow evenly. Instead, the protrusion only shows substantial overlap with MS but not with E. That is, the protrusion is not simply following open space left by the cytokinetic furrow of the EMS cell but grows asymmetrically onto the anterior side of the furrow following MS. 
SUPPLEMENTAL EXPERIMENTAL PROCEDURES

C. elegans strains
Generation of a Lifeact::GFP expressing strain
The sequence coding for the Lifeact peptide (Riedl et al., 2008) was optimized for C. elegans codon usage and cloned into the BamHI site of pTH304 (Green et al., 2008) by primer annealing. Primer sequences were: forward: gatccatgggagtcgctgaccttatcaagaagttcgagtccatctccaaggaggagtaaccatggg reverse: gatccccatggttactcctccttggagatggactcgaacttcttgataaggtcagcgactcccatg. DP38 worms (unc-119(ed3)III)) were transformed with the plasmid by biolistic bombardment according to published protocols and progeny that showed integration of the vector were selected after 3-4 weeks (Praitis et al., 2001) .
Image Acquisition and Manipulation
Two-color images were acquired using two simultaneously operating Hamamatsu EM-CCD digital recording cameras (Hamamatsu, Hamamatsu City, Japan) usually in the streaming mode of the MetaMorph acquisition software (Molecular Devices, Downington, PA) to reduce recording time. The intensities of the Cobalt Calypso (491 nm)/Cobalt Jive (563 nm)/Cobalt Mambo (591 nm) DPSS lasers (Cobalt AB, Solna, Sweden) were adjusted via MetaMorph and an acousto-optical tunable filter. Images were recorded at 1 min intervals for all images except for those where NMY-2 dynamics where analyzed by kymographs. These embryos were recorded at 5 s intervals. Data are represented, unless indicated otherwise, as maximum-intensity projections of a z-stack of 20-30 sections at 0.5-1 m spacing, generated with MetaMorph software or custom plugins to ImageJ (http://rsbweb.nih.gov/ij/). Time lapse animations were generated using a custom MATLAB (The MathWorks Inc., Natick, MA) routine and ImageJ software. Movies were normally generated without compression, however, in a few cases they are JPEG compressed. We chose weighted projections in order to maintain a 3D effect in the object, as projections in which all z-positions appear with the same intensity can generate confusion as to what signal belongs to what cell. Furthermore, our data thereby only show cortical dynamics, which especially allows to analyze cortical NMY-2 signals and maintain a 3D shape as signals from deeper zslices are essentially suppressed (data not shown). We should emphasize that generation of 3D projections with sufficient spatial resolution of the underlying 2D data are crucial to observe thin cellular protrusions on a round object, such as the C. elegans embryo. It is almost impossible e.g. to detect ABpl's anterior filopodial protrusions by observing 2D slices only. Kymographs were generated from 3D-projections with only cortical signals. Embryos were rotated so that the 'Orthogonal Views' feature of ImageJ could be used for the generation of kymographs.
Kymographs are always shown oriented with respect to the orientation of the kymograph line in the embryo. Midline placement was measured using the '4D View' mode of MetaMorph. Embryos were oriented in a way so that a perfect dorsal view was achieved. As shown in Figure 2B , the nuclei of P3, MS and C are well aligned in the midplane. We therefore used these points to measure the angle between their connecting line and the long axis of the embryo. Measurements of ABpl's filopodium and ventral protrusion were performed in Image J. The area of the ventral protrusion was measured by drawing a line between the midpoints of the concave lateral sides of the protrusion and then tracing the cell membrane from these points to the tip. When the clear concave curvature was lost (when translocation of the cell body starts) the measurement stops. Filopodia were measured along a line from the tip until the line crosses an orthogonal line that marks the cell's leading edge.
Measurements from AceTree Data Sets
Deviation from the midplane was measured as the distance of nuclear positions to the midplane for each timepoint where the five cells (ABar, MS, E, C and P 3 ) exist. Nuclear position information was based on 20 embryos that have been previously lineaged (Bao et al., 2006) . The best-fit plane based on nuclear position and the deviations were calculated using the Statistics Toolbox 7.2 of MATLAB. The angle of the ABpl-MS-ABar collective rotation is measured by following the line connecting the centers of the ABpl and ABar nuclei (more specifically, the projection of this line onto a plane perpendicular to the AP axis). The starting point is defined as the time point when MS is born.
Laser Irradiation
For ablation experiments a dye laser was used and ablation was controlled through a MicroPoint system attached to the microscope that allows simultaneous observation and irradiation of cells (Photonic Instruments, Inc., St. Charles, IL). Settings were: dye cell filled with 5mM Coumarin 440 (peak at 435 nm), 10-20 pulses (duration of 0.6-1.2 s), 5 repetitions, attenuator plate at position 6/50%. Larger early blastomeres were irradiated sequentially in a time interval for up to 5 min in the area of the nucleus. The degree of ablation was judged from the bleaching of the HIS-72::GFP nuclear marker. Blastomeres irradiated in this way were not completely arrested and usually showed later aberrant divisions.
